Abstract
expansion of the epiblast from ~25 cells in LB to more than ~180 in Sph. The rapid transition (about 1 day) from naïve to primed states suggests that naïve cells are unlikely to self- renew. However, the protracted period of primed pluripotent state in the pig embryo offers pluripotent cell lines with primed characteristics have been reported 21, [58] [59] [60] , but not of those between mouse and other mammals may underlie the difficulties in establishing equivalent TCFPL21, and are consistent with those reported in human 11 and monkeys 2,14 , which differ 3 6 5 from mouse naïve pluripotency, which is characterized by the expression of Klf2, Prdm14
and Bmp4. These genes participate in regulating gene expression, epigenetic reprogramming, and cellular signalling, respectively, which highlight potential functional 3 6 8 differences in naïveté between mice and larger mammals. The transition from naïve to primed pluripotent states in the pig embryo is accompanied by a onset of gastrulation.
7 5
Diverse mechanisms exist in mammals for dosage compensation with respect to the XC in embryos, followed by reactivation in the ICM of blastocyst (excluding the extraembryonic
tissues), and then random XCI in the epiblast 63 . In contrast, there is no imprinted XCI in human and rabbit embryos. Indeed, the expression of XIST from both X chromosomes in linked genes in pig blastocysts 16, 65 . Notably, our observations however show XCI in the linked genes, coupled with the appearance of the H3K27me3 mark on the inactive XC. showed broad developmental alignment, although the developmental time in mice is three 3 8 9
times shorter compared to pigs (2 days vs. 6 days). Yet the overall principles of the transitions in humans and pigs. Importantly, human embryonic stem cells (hESC) with naïve and primed characteristics grouped closely to human late ICM and EPI cells, respectively, and these also aligned with pig EPI cells ( Figure 6b ). Our observations may be relevant for understanding events during early human development, as well as for attempts to study In conclusion, this comprehensive analysis depicts molecular landmarks of pig laboratory in N2B27 supplemented with 25 mM HEPES in a portable incubator at 38.5 °C. Zona pellucidae were removed using acidic Tyrode's solution (Sigma) in morulae and early 4 2 0 blastocysts, and then embryos were dissociated. Late blastocysts were subjected to 4 2 1 immunosurgery to remove the trophectoderm based on previously described procedures 68 . Briefly, embryos were incubated for 30 min in a 1:5 dilution of anti-pig serum (Sigma) in 4 2 3 N2B27 medium, washed and incubated for 30 min in 1:5 dilution of complement (Sigma).
2 4
Embryos were transferred to N2B27 for a few minutes for efficient cell lysis, and then 4 2 5 embryonic disks were isolated from the trophectoderm by repeated aspiration with a pulled 4 2 6 glass capillary. In spherical embryos, epiblast and hypoblast were manually isolated.
2 7
Trophectoderm cells were not collected from late blastocysts and spherical embryos. Low quality cells were filtered out from the dataset to reduce the downstream analysis noise.
6 2
First, the total number of reads mapped to gene transcripts was calculated for each cell, and 4 6 3 those with less than 1 million were removed. Second, the proportion of reads aligned to analysis. Third, 4 outlier cells were identified by t-SNE dimensionality reduction. A total of 4 6 7
13,815 out of 22,824 annotated genes were identified in at least 3 cells with TPM > 1. Lineage Segregation of Cells
The R package "scater" was applied to normalise read counts of genes for each good quality embedding (t-SNE), was used to identify the relations between cells using normalised read counts. Unsupervised hierarchical clustering using all expressed genes as input was was euclidean, and the cluster method was ward.D2. Lineage Subpopulation Analysis
Cell lineages were investigated for subpopulation analysis. An outlier EB ICM cell was grouped together for PCA. Two contrasting methods of PCA were applied; one using all expressed genes, and the other based on the highly variable genes (HVGs) only. We used
decomposeVar to detect HVGs with a loess regression fit model. FDR <= 0.05 was applied
as a significance cut-off. Chromosome X dosage compensation analysis
Genes of Chromosome X and three autosomes (chr1, chr2, chr3) were extracted, and the
geometric mean TPM of chromosomal expressed genes was calculated for each cell
separately. Then the overall geometric mean TPM was obtained for each developmental stage by embryo sex, as well as the total TPM. Each TPM value was incremental by one stage across the whole chromosome X with 1Mb window. Analyses of allelic expression
Trimmed reads were aligned to chromosome X of the pig genome (Sus scrofa v10.2) by
hisat2. Duplicated reads were marked by picard (v2.12.1). GATK (v3.8) was used to retrieve reads) were excluded from the analysis, and we only kept SNVs that occurred at least in two Gene clustering by expression profile 5 2 7
Self-Organizing Map (SOM) were used to discover potential structural patterns in highly algorithm was applied to our gene expression profile. The geometric mean TPM of each
gene was calculated within each stage. In order to fit the SOM model, the lower TPMs (< 1)
were replaced by 1, and the extreme higher TPMs were replaced by 10,000. Similarly, genes 5 3 2 of highly similar expression profiles within stages were excluded
). The filtered TPMs were then normalised by
). In total, 25 clusters were created. Comparison of pig, mouse and human datasets 5 3 7
In total, 144 pig cells (our study), 83 mouse 8 cells and 152 human cells retrieved from
Petropoulos et al. 12 and re-classified according to Stirparo et al. 7 were included in the and PC3, which contributed to pig and human developmental genes, respectively. Embryos recovered were incubated in PZM5 culture medium up to morula stage and in
N2B27 medium supplemented with 0.3% fatty acid free BSA from compact morula onwards, 
